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CORRELATION OF AGE AND RESPIRATION OF SKIN 
FROM THE HUMAN FEMALE* 
ELSIE M. WALTER, Pa.D. AND JOSEPH C. AMERSBACH, M.D. 
The possibility of a relationship of age to the respiratory rates of various 
tissues and organs has been investigated for different species of animals. There 
appears to be no such study in man, although it is well known that the basal 
metabolism of human beings declines with age. 
Liver. Hawkins (1) concluded that there is no relation of age to respiration 
of liver from rats since the oxygen quotient was 13.2 for animals 3 to 21 days of 
age, 9.4 for rats 12 months old and 11.5 for those 22 months old. Pearce (2) 
studied liver respiration in a genetically pure strain of mice and reported a de-
crease of 34.8% in animals between the ages of 4 to 9 weeks and 50 to 60 weeks of 
age. Carroll (3) found a high respiratory rate per unit weight of liver tissue from 
1-week-old chicks for a month, after which the rate dropped steadily until the 
birds were 1 year old at which time the rate remained fairly constant. Schuler 
(4) observed a drop in respiration in liver tissue from rats as the weight increased 
from 25 to 250 grams. 
Muscle. Muscle from newborn rabbits had a much lower respiratory rate 
than that from the adult animal, when the rate was computed on the basis of 
the wet weight of the tissue; the difference was less if the dry weight was used as 
the basis for computation (5). Pearce (2) found the respiratory rate of the ven-
tricular cardiac muscle to be 28% lower in old than in young mice. 
Kidney. The respiratory rate of kidney tissue from older mice of a genetically 
pure strain was 11% less than that of kidney tissue from young ones (2). 
Vascular tissue. Vascular tissue in older rats waJ) reported to have a lower 
respiratory rate than that from young rats (6) while a similar relation of age to 
the rate of oxygen consumption was found when lymph nodes from mice of 5 
different strains were used for study (7). 
Neural tissue. The high rate of respiration of the sciatic nerve from rats 2 days 
old progressively decreased until the 45th day of age, after which it remained at a 
constant level until the 60th day (8). Schuler (4) reported a fairly constant 
level of oxygen consumption for brain in rats 25 to 175 grams in weight, after 
which there was a slight decrease in the oxygen consumption. 
Cartilage. In a study of articular cartilage from cattle ranging from 6 weeks 
to 11 years of age, Rosenthal, Bowie and Wagoner (9) reported that the respira-
tory rate of adult tissue was 30% lower than in young cartilage cells, while that of 
old cartilage cells was as much as 60% lower than the respiratory rate of young 
cartilage cells. Microscopically, in old cartilage the cell content was decreased 
75% as compared with young cartilage tissue, but the rate of decline of the re-
spiratory rate was more rapid than that of the cellular content. 
Schuler (4) reported in rats a decrease in respiration with increasing body 
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weight for the thymus, seminal vesicles, spleen and testis, but stated that the 
rate was remarkably constant and independent of the organ weight. 
Skin. Adams (10) has demonstrated a decline in the respiration of rat skin 
with increasing age, and Fardon, Brotzge and Loeffler (11) have presented similar 
data for the mouse skin. Amersbach, Nutini, and Cook (12), using the Warburg 
respirometer, studied the Q02 of human skin from the lateral thoracic wall of 
women 20 to 30 years of age. The present study was undertaken to determine 
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FIG. 1. CoRRELATION OF Q02 OF FEMALE HuMAN SKIN WITH AGE 
Q02 is defined as the cu. mm. of oxygen consumed per mg. of dry tissue per hour. 
if the respiratory rate of human skin could be correlated with the age of the 
individual. 
METHOD 
Specimens of skin were obtained from 31 white female human subjects of 
widely differing genetic characteristics and various nationalities, ranging in 
age from 11 to 75 years, whose general health appeared to be good. 
Under novocaine anesthesia the apparently clinically normal tissue was re-
moved from the chest wall just below the axilla by means of a standard punch 
biopsy instrument. The skin was immediately placed in Ringer's-phosphate-
glucose solution at pH 7.3, carefully trimmed of fat and subcutaneous tissue, 
and cut into sections 1 mm. square. 
The respiratory rate was determined in duplicate using a modification of the 
microrespirometer designed by Fardon, Brotzge and Loeffler (13). The carbon 
dioxide was absorbed by 0.02 ml. of a 20% potassium hydroxide solution in a 
depression in the flask. Following a 15-minute equilibrium period, the manom-
eters were closed and after a 10-minute adjusting period the first readings were 
made. Since the microrespirometers are sensitive to very slight changes in 
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temperature and pressure, readings were made at 10 to 15 minute intervals 
for the first hour; the hourly readings were carefully rechecked. 
At the end of the experimental period the tissue was removed from the manom-
eter flasks, washed in distilled water, dried for 48 hours at 90°C., and weighed, 
the dry weights ranging from 0.9 to 1.9 mg. The respiratory rate was calculated 
as cubic millimeters per hour per milligram, dry weight, of the tissue (Q02), 
TABLE 1 
Oxygen consumption (cu. mm. O,/mg. dry wt./hr.) of skin from human females of different ages 
PATIENT AGE QO• 
years 
M.K. 11 0.93 
C. L. S. 20 1.02 
H.V. 22 1.22 
D.P. 25 1.10 
B.N. 26 1.05 
B.S. 27 0.96 
C. J. 29 0.99 
--
Av. for 20-29 years ......... 1.06 
E.W. 30 0.90 
L.M. 33 1.18 
M.K. 34 1.08 
S. B. 34 0.82 
T.B. 35 0.91 
R.T. 36 0.85 
--
Av. for 3Q-36 years ......... 0.96 
PATIENT 
P. 
J.M. 
B.S. 
A. F. 
PATIENT AGE 
years 
B. 40 
c. 41 
Y.L. 41 
Q. v. 42 
E. R. 43 
M.M. 45 
K. 45 
A. F. 45 
P. 49 
Av. for 4Q-49 years ........ 
H. S. 51 
L.R. 52 
I. P. 54 
H.P. 55 
Av. for 51-55 years ........ 
AGE QO, 
years 
60 
61 
62 
64 
0.68 
0.75 
0.74 
0.79 
Av. for 6Q-64 years ................................... . 0.74 
F.M. I 75 0.70 
QO, 
0.72 
0.81 
1.12 
0.87 
0.98 
0.96 
0.92 
0.91 
0.79 
--
0.90 
0.93 
0.79 
0.95 
0.91 
--
0.89 
and if the 2 results for each specimen did not check within 20%, the data were 
discarded as inaccurate. The respiratory quotients are plotted against the 
age of the individual in figure 1. 
RESULTS 
From the data in table 1 it is apparent that, in general, the respiratory rate of 
skin of the chest wall is lower in older than in younger human female subjects. 
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Insufficient data are available to establish values for skin respiration below the 
age of 20 or above that of 65. 
The individual values show wide variations which can be attributed to such 
factors as the experimental error inherent in the microrespirometer technique, 
the use of small specimens of skin, and to differences in basal metabolism which 
would reflect individual, national and genetic differences. 
The average Q02 of 1.06 for the 7 individuals between 20 and 30 years of age 
is somewhat lower than the value of 1.48 reported for skin from the same area 
in 17 white women in the same age group by Amersbach, Nutini and Cook (12). 
These investigators used the Warburg respirometer technique which is less ac-
curate for the small weight of skin obtainable from the human subject than is the 
microrespirometer technique, and they reported wider variations than were 
found in the present results. 
SUMMARY AND CONCLUSION 
1. Correlation of observations on the respiratory rate of human female. skin 
obtained by punch biopsy from the lateral thoracic wall below the axilla, with the 
age of the subjects (11 to 75 years~ have been presented. 
2. The results indicate that the oxygen consumption of skin is lower in older 
than in younger subjects. 
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